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(54) Charge life of batterf es in plural-unit computer systems 

(57) A computer system comprises a plurality of 
cooperating units (Ml to M7) each connected to a 
respective battery pack (B1 to B7). Operation of tfie sys- 
tem may include the steps of; determining an estimate 
of the remaining charge in each battery pack; determin- 
ing an estimate of the future power or energy usage 
requirement of each unit: determining, from the esti- 
mated remaining charges and the estimated future 
power or energy usage requirements, an association 
between each unit and a respective one of the tottery 
packs which would increase the period before any of the 
battery packs reaches the end of its charge life; and 
advising the user on altering the connections of the 
units to the battery packs in accordance with the deter- 
mined association. In the case where at least a first one 



of the units (MA) is connectable to and disoonnectable 
from the battery pack (BB) of a second one of the units 
(MB), operatk>n of the system may include the steps of: 
determining, from the estimated remaining charges and 
the estimated future power or energy usage require- 
ments, whether the first unit should draw energy from its 
battery pack and/or from the battery pack of the second 
unit so as to Increase the period for which the first and 
second units can both be powered by their respective 
battery packs should the first unit be disconnected from 
the battery pack of the second unit; and causing the first 
unit to draw energy in accordance with that determina- 
tion. 
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account the number of s«aps c^^v^^7ih^^1^^-^ f"^ determining step may take into 
units having a t.igh energy ansuitpt^ ^ *'^''™''^^'^''^ 

Sne^eT<irth?^:^;i;;^ ~* « «^ ""'"^ « connectawe to and 

leastafetone^SiurS^l^S^^^^S^* """"f *° « battery paekandat 

itoring means of that unit or those units. ^ obtaining data from the mon- 
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the step of determining the estimate of the remaining charge off each battery oack mav include *ho c»ao «• • 

ttM .Mnneclions of the umte to the battery packs in acco«lance with the determined association ™ °" '"*™« 
10013] In accordance with a fourth aspect of the invention, there is provided a comout«^«n oomnririnn- - ni..»i«„ 

^^r^ r '"'^ ^ disconnected fr^mfte^^*^ 

St* d^rC^."^ """"" «° ^"^'W With the determinalion of 1f2 

toT'acS^^^^SCfntlSiSr^'"^^^ 

Figure 1 is a block diagram of a ooovxiter system having a number of modules and battery packs 

Figure 2 is a ctrcuit diagram of one of the battery packs of figure 1 ■ 

30 Rgurea shows more detail of two of the modules and battery packs of figure land 

Figure 4 shows more detail of another three of the modules and battery packs of figure 1 . 

KKH5I Referring to figure 1, the computer system comprises a number of modules M1 to M7 which m«r Ibr aamnto 
be a processor module Ml . a memory module tJS. a telephone module M3 a visoTnnM mI' T^^'^T^' 
refrigerator module M6 and a speech recognition module M7. Ea* ^eM^towTS^ ^^^.^STta^te^t^ 

Si 14 fr^'SLThTj^^* ^tl^* " '^"""^ ' '^^""-^ 12 and a serial data 

nn^ZTuL . - ^[T" . has Its positive side connected to the voHage terminal 12, and its neoative side can- 

So?ZtSrerSBr''^^"°'™'^«^'°''~*-''"*««^ 

5?I^?«,-i^!Ilr*''^'T °* consumptfon and frequency of usaoe 
The system of ftgure 1 is programmed so that, at regular ime«als. andtor when triggeredby the^rTb^rWife3 

*-«jwaiy aara. misc. from its own monitoring of cun'ent consumption and frequency of usaoe each modui** mi ♦« m4 
determinesthepowerwhichit requires. Each of themodulesl«2toM7.exo5ap^e.^?n^^e^^^ 
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t^' "^Hl^ ^"^"^ ^ '^"'"'^ ^'^ ^ t^attery pack iderrtity code and available caDacitv data to 

^^a,mb.nal,on of modules and battery packs will resuK in ail modules of the sjISem bang powered for as long ^ 

SIJl^L? J^T!?'® "^"'^ ^ *° monotonlcally ordered according to required power 

consumpfcon. the battery packs B1 to B7 are monotonically ordered according to ttieir rernainino dSa^3 fti^ 
J!^^ ^""'^ '^'^ «^°^^'"9 to their positio^^ 

1?; 1:\ , example of this process, the charge lifetime of each battery pack B1 lo B7 with each of thp m«rt..i«« 

Ml to M7 ,s confuted, and the combinations which provide the longero^Ketr^^ 

^ ^ examf^because they discharge the battery packs to different end voltages. ^ 
IWKOJ Once the required new combination of modules Ml to M7 and battery packs Bi to B7 has been detArminad 

. ^ ^^^'^ reconnect them as required. The system may then check ttii me ai" 

ect combination has been chosen, and if there is an error can advisethe user of it 

J^nii "^J^ "^^ '^"''^ ^^'^ *° "^^^ ^ °^ ^® combination, since the system cannot operate while the 
Ser^rurr^e'^J^^^^^^ 

of ^cir^!* 2^ ? ® ^® rearrangement can be planned by describing the transformation In tern^ 

i^'^T'^T-^® a a is chosen, and the start value b which occupies the final des- 

™ f r f • "^'^ """^ ^ ^"P*^ olb lsmen noted, ai^^unti I tf^<^de 

repeats If the cycle repeats and some values have not been moved, the process is start^aSi wifli onTr^^^ 

Z^^^^^'"^' ^'^ until all values have.been mc^^ ^ * 

S r T'f *^"19«"®'»*«' '"dicate the best way to perform the rearrangement: for each cycle the first pair of 
v'SHwt^^ *° swapped;^ second pair c^'v^lu^ the seS>^^^ 

runl^!^ ^ ® "^"^^ ^ swapped, and so on until the end of the cycle. The order in which 

cj^es are perfbrmed does not matter, and a cyde cortaining only one va^^^ 

rt^Lt'l!^^ IT^'H ^^^'^ ^^^^ «<=^^'evi"g a translbmiation. Each involves 

T ° ^""^ ^® '^^^ ^°t^er in that it minimisi the time for which a tolr tetti^v 

rJrnXtrr^^^^^ 

C oa^' Bl to'^f ""^^ "^"'^^ «^ «t«^t are connected to 

k!!!w "i! ^ i '®^^fi'y- ^'S n^y be represented as "Start B6 B5 B4 83 B2 Bl " Suppose also that It h^ 
been det^iTiined that the modules Ml to MBshouW be connects 

This may be represented as "End B5 B4 B6 B2 B3 Br. The cycles and tiiiSjrmatio;^!;^^^ 

Start B6B5B4B3B2B1 
End B5 B4 B6 B2 B3 Bl 

Cycles (B6. B4, B5) (B2, B3) (Bl) 

Transformation B6 B5 B4 B3 B2 Bl 

B4 B5 B6 B3 B2 Bl 

B5 B4 B6 B3 B2 Bl 

B5 B4 B6 B2 B3 Bl 



[0026] Alternatively, the cydes and transfbrmaHons may be as follows: 
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Cycles (B4. B5, B6) (B2, B3) (Bl) 

Transformation B6 B5 B4 B3 B2 Bl 
B6B4B5B3 B2 Bl 
B5B4B6B3B2B1 
B5B4B6B2B3B1 
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[00271 They may also, for example, be as follows: 

IS Cycles (B5. B6. B4) (B2. B3) (Bl) 

Transformation B6 B5 B4 B3 B2 Bl 
B5 B6 B4 B3 B2 Bl 
B5 B4 B6 B3 B2 Bl 
B5 B4 B6 B2 B3 Bl 
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10028] As described so far with reference to figures 1 and 2. each of the modules Ml to M7 is connected to its «iin 
mc^ru7ef M^^^^ T communicate by wireless technology As shown S f^u e Ho^rli^re^^ 

2^s o Zd^^^ m the module MA. a comrra^lf^ltch 

the n^^f MB ilf ^ may diBw Hs power from rts own battery pack BA or from the battery pack BB of 

of flie tette?^! b1^^^^ '° ^"^^ ^ ^^e-^ence upon theTemaining 

hnSf ^ SJ^A ^ ^ ^ requirements of the modules MA. MB. the period of time for which 

^rnodules MA MB can oontinue to be petered. sfx,ukJ the power conductors 26 be disconnect^ is r^i^ 

Si aT^h h ^ "^'^^^ ^"^^^ ^^'^ ^"^^ 0^ '^<"" the other battery pack BA 

MX. MY. M2 each have a power multiplexer 30, and the power conductors 26 when connected ckn sunniw n^ZTirl^ 

E^SZ^,^^; J^' ^ upon the estimated remaining charges of *e battery packs BX. BY 

^ iJt - " usage requirements of the modules MX. MY. MZ. so that the^ul^ MX 

BZ in such as way as to maximise the ^iodtor^^alX 
n^ules can l» powered by «,eir respective battery packs BX. BY. BZ should the power ci«ecti»» M be dZ^ 

town "should be noted that the embodiments have Ijoen described above purely by way of exaniDle andthafmanv 
other mod*,cations and developments may be made to them within the soope«^Stln3^ 
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r^StS^l'mir:,;^:g:^eXr ''"^ " ^ each connect., to . 

determining an estimate of the remaining charge In each battery pack- 
determining an estimate of the future power or energy usage requirenient of each unit- 
mpr^rf '^"^'"'"^ *^°'9es and the estimated future power or' energy usage require- 

per^ b^rt^of^S.^^^^^^ '""IT"'* ffP^^^« ^ ^he battery packs which v^uld in'crea^ Te 
perrod before any of the battery packs reaches the end of lis charge life; and 

connections of the units to the battery packs in accoidance with the deter- 
2. A method as claimed In claim 1 . wherein the advising step invohres advising the user simultaneously of the deter- 
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mined assoeialions benween the unit6 and the battery packs. 

3. An«elhodasetaimedinelaim1.whereintheadirisingstepeon»jris88lhe 

determinina ■ series of swaps of pairs of the battery packs; and 
advising Hie user of the determined series of stvaps. 



4. A methodasclaimed in claim 3, wherein the swap series detemiining step takes into accoum the nuirtjer of s»b« 

^i^t'i^lUfJ'" '^^^!^ claim tor uee with such a system in which at least a firet one of the units is 
c«vH^e to and d»«»»»c.a.^e from the b^ 



l^L hi. T remaining charges and the estimated future power or eneray usage reaiire- 

ments. whether tt,e first unit should draw energy fram its battery packandAir fSmfhe batt«7p^*rt i^^. 
ond unit so as to .naease the perkxl for which the first and second units can both be ^oSer^ bTt^r 
respective battery packs should the first unit be disconnected ftom the battery pack JinTs^uJiT 
causing Ihefinst unittodraweneigy in accordance with that determination. 

nUa^ rtoperaton of a computer system comprising a plurality of cooperating units each having and beino con- 
*. h^ZI^^J"""^ ^ and at least a first one of the units being .^.nnectable toZS^^e 
fromthebatlerypaekofa8eeondoneoftheunits.themelhodcoiivrisingthe^ ana oisconnsciawe 

d«^min!IS Tl"^^^ °I <*a'0« I" *» «»««y packs of the first and second units; 

d«erm n ng ^tmates of the future power or energy usage requirements of the first and second mits- 

tt» f»st unit shouM dn» enwgy from its battery pack and/or from the battery P^ rt ml's^. 
SOTO to .naease the period tor whk* the first and second units can both be to 
^^^T^u^J^" <ii^neced from the battery pa* of s^ ^^a.^ 

causing the first unit to draw energy in accordance with the latter determination. 

^lZ22S/e ^"I^ ^ * connectaUe to and dte- 

connectable from the battery pack of the first unit, the method including Ihe steps of: " a»- 

m.T"lS'h!°* remaining charges and the estimated future power or energy usage require- 

S^^^^ second unit shouU dra» energy from its battery pack and/or from the baBei^K Te 
first unrt so as toinoease the period far which the first and second units can both be powered by ttSrr^! 
»ve balt«y pad^shouW the second unit be disconnected from the battery pack of theZtZ^a^ 
causing the second unit to draw energy in accordance with that detemiination. 

m»^^ '^."^ in any preceding claim, for use wHh such a system in whk:h at least one of the units includes 
rneans for monitoring the battery pack connected thereto, wherein the step of determining thre^^tTofl^ 
~8 ctarge of each battery pack includes Ihe step of obtoimng datolL the m^^l^^^ZZ 

t^^rZl!^ in any or ^T0 1 to 7. for use with such a system in which at least one of the battery packs 
^^J^^ '^'"^ f ^' '^'^^ ^ ««P °' "^ermining the estimate of the r3rt« 

t "'^""^ "'^"""^ *• ««P 1*«nrtning Ihe estimate of the remaining charge 

1 1 . A computer system comprisino: 
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a plurality of cooperating units each connected to a respective battery pack; 
means tor determining an estimate of the remaining charge in each battery pack- 

^^J^J^^?'^^^^"^^ ^"^ ^« power or energy usage 

requirements, an association between each unit and a respective one of the battery packs which w7ijW 
increase the period before any of the battery packs reachesTe end of its charge liS ^ 



10 12. A computer system comprising: 
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a plurar^ of cooperating units each having and being connected to a respective battery pack- 
means tor disconneclably connect.^^ 

means for determining estimates of the remaining charges in the battery packs off the first and second 
means tor determining estin^tes of the future power o'r energy usa^r^SS^L^i^^th^i:^^ 

means for determining, from the estimated remaining charges and the estimated future power or enerov u^n^ 

^ ^ ^ ^"^ ^^"^ "nte can both be powered ^ the^ 

means for causing the first unrt to dmw energy in accordance wift 
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